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ABSTRACT

Despiterepresenting the northern extent of Acropora spp. rangein the Caribbean, most of the Floridareef
linefrom Palm Beach through the Keyswasbuilt by these species. Climatic factorsappear to have been
important agents of Acroporalosswithin historic (century) timeframes. Inthe recent past (1980-present),
available quantitative evidence suggests dramatic declinesoccurred in A. cervicornisfirst (late 70'sto 84)
with collapse of A. palmata occurring later (1981-86). However, recent monitoring studies (1996-2001)
show continued decline of remnant populations of A. palmata. Current trendsin A. cervicornisinthe
HoridaKeysarehardto assessgivenitsexceedingly low abundance, except in Broward County, FL where
recently discovered A. cervicornisthicketsarethriving. Whilethe State of Floridarecognizes A. palmata
and A. cervicornisasendangered species (Deyrup and Franz 1994), thisdesignation carriesno
management implications. The current management plan of the FKNM S providesmany strategiesfor cora
conservation, among them minimizing thethreat of vessal groundingsand anchor damage, and prohibitions
on collection, touching, and damage from fishery and recreational users. Although Acropora spp. arenot
explicitly givenany specia consideration, they areimplicitly by Sanctuary management. Restoration
approachesundertaken in the FloridaK eysincluderescue of fragments damaged by groundingsand
experimental work to culture broadcast-spawned larvae to re-seed natural substrates. Neither of these
effortshaveyet realized full success.

Geological history

Prior to the most recent moderate sea-level phase, Floridareef devel opment proceeded under high sea
level conditionsinthe absence of the sensitive Acroporaspp. These specieswere absent in Floridadueto
theinimical effectsof Gulf watersflowing unimpeded fromtheshelf (now ForidaBay) over thereef tract.
Slow-growing head coralsbuilt the Pleistocene Floridareefs. However, the spur-and-groovereef
structureswhich we observeinthe FloridaK eystoday aswell asfor the three-reef system from Pam
Beach to northern Miami-Dade County areall constructionsof Acroporapalmata (Lighty 1977, Shinn
1988). Therapid growth of thisspecieshasallowed thisimpressive accretion on ashort geological time
frame, thelast 6-7K yearswhen sealevel hasbeenlow. Early Holocene conditionswere perhaps best
conduciveto rapid Acroporid colonization, but rising sealevel sbetween 5 and 3 thousand yearsago led to
thedemise of thereef system north of Fowey Rocks, and the die-off of Acroporid reef flatsdueto flooding
and formation of FloridaBay.

Thus, although geological evidence suggeststhat coral reef formation hasoccurred in the absence of
Acropora spp. inthedistant past under high sea-level conditions, itisclear that future functiona absence of
these specieswill severely compromisetheability of Floridareefsto survive anticipated sealevel rise(i.e.,
their ability to“keep up”) inthe not-too-distant future.

Long-term trends(100yr)

Thebest observational/anecdotal evidence comesfrom the Dry Tortugasregion (Agassiz 1882, Mayer
1902, Davis 1982, Jaap et a. 1989, Jaap and Sargent 1993, etc.). These observationssuggest impressive
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decline of A. palmata occurred between 1881 and 1977 (prior to 1980’ swhite-band disease epidemic)
dueto natural disturbances such ascold fronts, hurricanes, and “ black water” events. Jaap and Sargent
(1993) report overall loss of A. palmata cover inthe Dry Tortugasfrom 44 hectaresin 1881 (Agassiz
1882) to alow of ~200m?in 1977 to an areaof 1400 m? by 1993. Lessinformationisavailableregarding
historical tatusof A. cervicornisinthe Dry Tortugas, but it wasal so significantly impacted by asevere
cold front during thewinter of 1976-77. Following the cold front, Davis(1982) reported ~91% | oss of
staghorn coral in Dry Tortugas. Jaap and Sargent (1993) suggest that disturbancesin the Tortugasregion
(e.g. adversewater quality, possibly destructive storms) have rendered most habitats unsuitablefor
Acropora spp. and hence, makesfull-scalerecovery unlikely. However, comparisons between maps
developed by Agassiz (1882) and those of Davis(1982) illustrated that staghorn coral occupied extensive
areasof habitat previoudy dominated by gorgonians (octocora -dominated hardgrounds), suggesting that
phase shifts could occur onthe order of decades.

Jaap (1998) reportsalternating reef strataof A. cervicornis/proliferaand head coralsvisiblein reef
excavation created by aship grounding in 1989, suggesting the repeated appearance/loss of staghorn corals
over geological timescaeinthisregion. Evenover ashorter time scale (1965-2001), photo sequencesby
Shinn (Fig. 1) show riseandfall of Acroporagrowthinthevicinity of afocal head cora at Grecian Rocks,
Key Largo, FKNMS.

Medium-term trends (ear ly 1980sto mid-1990s)

Most published reports of Acropora spp. statuscomefromthisera(see Table1, Fig 2). Dustan and
Halas (1987) report inamonitoring study at Carysfort adight increasein coverage by A. palmata, but an
18% decreasein coverage of A. cervicornis between 1974 and 1982. The A. palmata increase was
accompanied by adecreasein mean colony size, indicating substantial fragmentation during the study period
whichtheauthorsattributelargely to anthropogenic physica disturbance (boat groundingsand visitor
impacts). Thissuggeststhat any maor white-band disease (WBD) impactsto A. palmata at Carysfort
Reef probably occurred after 1982. However, the deeper reef terrace at Carysfort Reef, which was
historically dominated by staghorn coral, suffered dramatic lossof thisspecies, probably dueto diseaseand
predominantly after 1982. Szmant (perscomm) reportsacompleteloss of both speciesinthevicinity of
the Carysfort tower between summer 1982 and asubsequent visitin April 1984.

Jaap et d. (unpublished) a so found stable A. palmata popul ations at Elkhorn reef (Biscayne National Park)
from 1977-81 and at Elbow and French reefs (Key Largo) from 1981-86. In contrast, disease and storms
caused the demise of A.cervicornisat these samereefs. Jaap et a. (1987) reportsamonitoring study of
Molasses Reef during 1981-86 showing adrastic declinein A. cervicornis(96%) over the course of this
study, but stable A. palmata abundance. Again, thissuggeststhat the major A. palmatadecline, at leastin
theKey Largo areatook place after 1986. Jaap et a. (unpublished) also observed acompleteloss (100%)
of 175 coloniesof A. cervicornisat French reef over the sametime period, probably dueto stormsand/or
disesse.

Jaap et a. (unpublished) conducted ahistologica study of coral reproductive activity in Biscayne National
Park from September 1977-May 1981. Active gonad development in A. cervicorniswasobservedinall
yearsof thestudy. However, A. palmatafailed to display gonad devel opment in 1980.
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Figure 1. Photo sequence of asingle head coral (Montastraea faveolata) at Grecian Rocksin the upper
HoridaKeysNationa Marine Sanctuary showing increase of A.cervicornisfollowing 1965. Thethicket
was partialy dead by 1978 and completely dead but standing by 1979. Between 1979 and 2001, gradual
collapse of thethicket structure and col onization by octocora sisobserved. Source: EA Shinn

Porter and Meier (1992) report overall lossof A. palmata cover (stability at one out of 7 stations) and a
substantial decreasein colony size, particularly at LooeK ey, over the period of 1984-91. Theauthors
suggested that disease, mortality from bleaching, and algal overgrowth dueto reduced urchin grazing were
possiblefactorsresponsiblefor thedecline.
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Fig. 2. Map of theregion described in thispaper. Mg or sitesare numbered from northeast to southwest.
Representative sites: 1) Broward County; 2) Ball Buoy, Biscayne National Park; 3) M olasses Reef,
FKNMS; 4) LooeKey, FKNMS; 5) Dry Tortugas National Park; 6) Tortugas Bank, FKNMS.

A snapshot mapping study of LooeK ey reef suggestsarea (m?) losses of ~93% and ~98% for

A. palmata and A. cervicornis, respectively, between 1983 and 2000 (Miller et al. 2002a). Based on
studiesby Dustan and Halas (1987) and Jaap et al. (1987), itisquitelikely that the 1983 basdlineusedin
thisstudy was already depressed, at least for A. cervicornis. A systematic survey of deeper reefs(13-19
m) aong theentire FloridaReef Tract in 1995 found A. cervicornisto be present at only seven of 20
sitesand never at morethan 0.62% cover (Aronson and Murdoch, unpublished).

The speciesstatus of Acroporaproliferaisunder scruti nyl, and itshistory ispoorly documented.
However, it has suffered population collapse equivaent to A. cervicornisandisvery rare, beingseenina
few locationsin Dry Tortugas over the past decade (Jaap, pers. comm.).

vollmer and Palumbi (2002) present data that demonstratesthat A. proliferaisamorphologically variable,
first generation hybrid of A. palmata and A. cervicornis.
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In summary, available quantitativeinformationindicatesthat A. cervicor nisunderwent drastic declineinthe
late 1970sto early 1980sthroughout the FloridaK eys, dthough theinformation with thebest temporal
resolution comesfrom the Upper Keys. A. palmata decline seemsto have been less severethrough 1986,
reported most commonly asadeclinein colony size. A. palmata did show severedeclineat LooeKey
beginninginthelate 1980s. Thereisvery little monitoring information avail able between 1991 and 1996.

Short-term trends(mid-1990sto the present)

Severa reef monitoring projectsbeganinthe FloridaKeysinthemid to -late 1990s (1996 and 1998)
which provideexcel lent quantitative dataon cora (including Acropora) abundanceand, in some cases,
condition. Resultsfrom these projectsare consistent in showing very low colony density and coverage
patternsfor both species. Thereisa so evidence of continued declinein both speciesover the period from
1996t0 2001. Theonly exception to thispatternisthe discovery of A.cervicornisthicketsin Broward
County, Florida, where monospecific stands appear to bethriving in nearshore hardbottom habitats.

A. Synoptic monitoring of Keys/Tortugas reefs (Chiappone, Svanson, S. Miller):

During 1999-2001, arapid assessment of 260 siteswere sampledintheregion, including 204 sitesfrom
southwest of Key West to northern Key Largo and 56 sitesin Dry TortugasNational Park, the Tortugas
Bank, Riley’sHump, and south of the MarquesasK eysin astratified random sampling scheme. Mean
percent coveragefor both Acropora species, as determined from surveysof 100 pointsfor each of four
transectsper site, waslow. Inthe FloridaKeys, mean coverageby A. cervicorniswas 0.049% among
eight habitat typesand did not vary significantly. Mean cover wasgreatest on high-relief spur and groove
reefs(0.049%) and offshore patch reefs (0.045%). Mean coverage by A. palmatawaseven lower
throughout the FloridaK eysthan its congener, even on many high-relief spur and groovereefswhereit was
formerly abundant. Among theeight habitat typessurveyed, A. palmatawasonly recorded in high-relief
spur and groovereefswhereit wasformerly abundant. Mean coveragein thishabitat typewas0.158%
and ranged from 0.158% in thelower Keys, 0.300% inthe middleKeys, to 0.338% in the upper Keys.

Thedensity of Acropora colonieswasquantifiedin25mx 0.4 mor 10 m x 0.4 mtransects. For

A. cervicornis, mean colony densitiesamong the eight habitat typeswere no greater than 0.052 colonies/m?
and therewere no significant differences detected in mean colony density among habitat types. Offshore
and mid-channel channel patch reefshad the greatest mean densities (0.047-0.052 colonies/m?). Within
strip transect surveys, coloniesof A. palmatawere only foundinthehigh-relief spur and groove habitat.
Themean density estimatefor thishabitat typewas0.036 col onies/m?, ranging among regionsfrom
0.010/m?- 20.010/m? inthe middle Keys, 0.015/m?-20.015/m? inthe lower Keys, and 0.073/m? -
20.073/m? intheupper Keys. Patches of numerous colonieswere evident at Sand Key, Eastern Dry
Rocks, Molasses Reef, Sand Idland, and Elbow Reef, most of which arewithin FKNM S no-fishing zones.

Because density estimatesusing 25 mx 0.4 mor 10 mx 0.4 mtransectswere so low for both Acropora
species, the 2001 surveysal so included larger and additional transectsto assessdensities. For theFlorida
Keysshallow forereef, both spur and groove and hardbottom were surveyed from Key West to northern
Key Largoat 2mto8 mdepth. Densitieswereextremely patchy (Fig. 3) and despitetherelatively large
samplearea, only 43 colonies of A. cervicornisand 302 colonies of A. palmata wererecorded. Maximum
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densitiesfor particular reefswere 2.25 coloniessm?for A. cervicornisand 12.13 colonies/m? for
A. palmata (Fig. 3). Inlow-relief hard-bottom habitats, 50 A. cervicornisand 18 A. palmata colonies
were encountered and were even more patchily distributed.

Theprevalence of diseaseor disease-like conditionsindicated relatively low prevaence of for both
Acropora species, although few colonieswere assessed during 1999-2001. Of the 31 A. cervicornis
encountered, only one colony exhibited signsof possiblerecent disease. Three of the 18 coloniesof A.

pal mata assessed exhibited either white band disease or signs of recent disease, evidenced by dead white
skeleton. Not surprisingly, few juvenilesfor either Acropora specieswere encountered from the 260
FloridaKeyssites. Reconnaissance surveysin severa locations, however, did reveal somesmaller colonies
presumably derived from sexud recruitment, supported by thelack of nearby colonies.
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Fig.3. Mean density (no. colonies/100 m?) of Acropora cervicornisand A. palmata on high-relief spur
and groovereefsonthe FloridaKeysforereef during 2001. Sitesare arranged from southwest to
northeast and error barsrepresent one standard error. Valuesin parenthesesarethe number of sites
surveyed for each reef, with 400 m? surveyed for colony numbers per site. Source: Chiappone,
Swanson, & SMiller, (unpublished data).
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B. Coral Reef Monitoring Program (Coral Reef Monitoring Program, Jaap et al.)

Begunin 1996, the Coral Reef Monitoring Program (CRMP) samplesfour 10 m permanent video transects
at each of over 40 reef sitesthroughout the FloridaKeysand Dry Tortugas. A. palmata occurred at five
shallow reef sitesout of the 40 sampled. The percent cover contributed by A. palmata at upper Keys
Reefswaslow at the beginning of the study (7.2-7.3% in 1996) and declined to lessthan 1% by 2000.

A. cervicorniscoveragewaseven lower, declining during 1996 to 2000 from 0.13%in 1996 to 0.03%in
the upper Keys, from 0.26% to 0% inthe middle Keys, and from 0.11%t0 0.02% in the lower Keys.
White Shodl, inthe Dry Tortugas, istheonly sitethat exhibited relatively stable coverage patternsof A.
cervicornis(~2-3% cover).

C. Focal monitoring of Acropora palmata (M. Miller, et al.)

A dramatic declinein A. palmata abundance was observed at 6 focal patchesintheKey Largo areasince
1998 (mostly from 1998-1999) and littlerecovery sincethen (Miller et al. 2002b). Thisdeclinewasmost
evident at Steswhere A. palmata occursas sparse, individua colonieswheretotal colony abundancefell
by 77% between 1998 and 2001. Thisdeclinewaslessevident in denser thicket standswhere mean colony
density declined from 1.1 colonies/m?in 1998to 0.8 colonies'm?in 2001. Theincidence of white-band
diseaseinthisfocal survey study wasawayslessthan 6% of coloniesfor each site and the mean prevalence
for all steswasaways< 3% of colonies(< 2%in2001). Prevalenceof three-spot damselfish (Segastes
planifrons) was much higher, ranging up to 70% of coloniesat French Reef in 1998. The mean prevaence
(n=6 sites) ranged from 30%to 40%for all survey years. Thedensity of corallivorousgastropods
(Coralliophila abbreviata) averaged over al surveyed coloniesranged from amean of ~ 0.5 snails/ colony
in 1998 to amaximum over 1 snail/ colony in 2000 and decrease back to ~0.8in 2001.

D. Broward County Acropora cervicornis (Vargaset al.)

Whilethe geographic range of A. cervicorniswas awaysknown to extend to Palm Beach County waters,
therelatively recent discovery of thriving thicketsin Broward County (Fig. 4) wasexciting and unexpected,
especidly giventhedisma state of A. cervicornispopulationsin seemingly lessmarginal areasfurther south
intheFloridaKeys. Extensivemapping activitiesrevea at least six siteswith A. cervicornisthickets
averaging 13% livetissue cover and with A. cervicorniscolony densitiesranging from 1.3-3 colonies/n?.
Recent ecological studiesdocumented linear extension growth rates of 8-9 mm/month and broadcast
spawninginthislatitudinally marginal population. No occurrence of white-band disease hasbeen
observedinthese populations.

Incontrast, A. palmataisextremely rarein Broward County, Florida, and was probably never abundant
sincethe demise of early Holocenereefs(Lighty et al. 1977, 1978 papers discussthe devel opment and
demise of the northern Dade to Plm Beach County relict reef system).

65



Fig.4

Fig. 4. Acroporacervicornisthicketsthriving in Broward County, FL.. Source: B Vargas-Angel

E. Additional observations

Weaver (persona communication) reportsadie-off (13% live cover to <1%) of an A. cervicornisthicket
at Little Africareef inthe Dry Tortugas between 1995 and 1997. Thisdie-off appearsto befrom disease,
sncethereisstill standing dead structureand afew small colonies/recruitsin the surrounding rubblefield
persist. Norecovery was observed at this site between 1997 and 2002.

Current status (May 2002) of Acroporaspp. inthe Dry Tortugasregion includesvery sparse occurrence
of A. cervicornis(suffering from damage by threespot damselfish and some disease) on the Tortugas
Bank. In 1993, the A. palmata patch included an areawith high density and periphera areaswith rather
low density of A. palmata. InMay, 2002, theoverall statusis, A. palmata have declined in abundance
(qualitative observation) and the higher density cluster isvirtually non-existent. A nearby patch of
Acropora prolifera seemsto have expanded noticeably since 1993 and appears healthy and thriving
(Jaap, pers. obs.). Interestingly, no corallivorous snailswerefound onany AcroporacoloniesintheDry
Tortugas inthreedaysof searchingin May 2002 (M. Miller pers. abs.).
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Current conservation, management and restor ation status

Themajor cora reef management entity intheregionisthe ForidaK eysNational Marine Sanctuary
(FKNMYS), with smaller marine areas administered by the Nationa Park Serviceand the State of Florida.
The FKNM S Management Plan contains 12 separate Action Plans (e.g. zoning, mooring buoys,
restoration, channel marking, etc.), all of which contributeto varying degreesto cora protection. While
Acroporaspp. arenot explicitly noted in the management plan, they implicitly receive specia
considerationinal Sanctuary management actions. Additional protective measuresto be undertaken could
include greater education and outreach effort, improved waterway markers, and harsher pendlties,
particularly at siteswith remnant A. palmata popul ationsthat receive repeated vessdl groundings.

Several management needs persist that could improve management and conservation of Acropora spp.
populationsinthe FKNMS. Theseinclude moreresearch on Acropora recruitment and propagation,
distribution and abundance mapsfor extant Acropora popul ations, and greater capacity for episodic event

response.

The FKNM S hasundertaken several restoration efforts (and some partnershipswith NGOs such as Reef
Relief) regarding Acropora palmata, particularly in responseto groundingsin thelower Keysregion.
Rescue and re-attachment of grounding-generated fragments has had mixed success, in that subsequent
storm eventshave destroyed some of thetransplant/nursery structures. Recent research effortsat larva
cultureand settlement of A. palmata have had little success (Szmant and M. Miller, persona
observations). Since 1998, two collections at mass-spawn have been accomplished (1998 and 2001 at
Horseshoe Reef), but viablelarval culturesfailed to devel op despite smilar proceduresashad produced
successful culturesand settled recruitsin past yearsfrom spawn collection made at Key Largo Dry Rocks
(e.g. 1996). In 2000, no spawning by A. palmata was observed either in Key Largo (or in Puerto Rico)
over the 3 night window in which spawning was predicted. No observationsweremadein1999. One
hypothesisisthat the A. pal mata popul ation at Horseshoe reef may not retain sufficient genetic diversity to
providefor successful fertilizationinthecollected cultures. Spawn-collection activities had been shifted to
Horseshoe after 1998 when the popul ation abundance at Key Largo Dry Rocksdeclined to the point of
making nighttime spawn collectioninfeasible. Futureeffortswill seek to make A. palmata spawn
collection at multiplesitesto increasethelikelihood of genetic diversity intheresulting cultures. The
intentionisto culturethelarvaeto the point of competence and then expose them to reef substrateto
providefor enhanced A. palmata settlement/recruitment asarestoration/recovery measure.

Summary

Itisclear that dramatic declinein both A. palmata and A. cervicornishasoccurred in Floridaover the past
two decadesand, inthe case of A. palmata (for which current trend datais avail abl€) decline continues
through 2001. It appearsthat noticeable recoveries of both specieshave occurred inthe historical pastin
the Dry Tortugasregion wherethe observational timelineisover acentury. Juvenilesof both speciesare
observed at arange of locations, but it isunclear whether they represent atrajectory of populationincrease
astheir fateisunclear. Current observationsof diseaseincidencearelow (~2-3% of colonies) but
somewhat patchy indistribution. Active predation (by snailsand fireworms) isobserved on 10-30% of
coloniesinwell-studied areasand isthe most obvious chronic (and potentialy manageable) threat. Little
quantitative popul ation benefit from restoration effortsto date has been documented.

Table 1: Site-specific condition of Acropora palmatain Florida. Sites are arranged from northeast to southwest and
approximate location can beinterpolated from themap in Fig. 2. po = personal observation; SP=snail prevalence(i.e.
proportion of colonies infested by Coralliophila abbreviata); WBD=White-band disease, presence/absence or propor-
tion of infected colonies; CRMP = Coral Reef Monitoring Project (Jaap et al.); other published sourceslisted in references.
On opposite page.
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Table 1. Site-specific condition of Acroporapalmatain Florida

Ste Trend Time- Current Bxtent of | Conditionin2001 Reproduction | Source
frame daus decline (Predators WBD) /recruitment?
Bkhorn Dedine | 70s01 | Rare VeyHigh | Snalspresent Recruits Jeap,
~20cm Curry/M.Miller
(cohort?) (P0)
present
Bkhorn Dedire | 1970's Jeep (po)
Cortral 2001
Bdl Buoy Dedire | 1970s | Rare Jagp. Curry (po)
2001
Caydort Sable 1974 Dugtan&Ha as1987
1982
Collgpse | 1982-84 Very high SZmant po
Dedire | 96-01 CRMP
South Dedire | 98-01 027cd m* | 65% SP=0.25;
Caydort inthicket (density) | 0.6 snail colony™
Gredian Dedire | 96-01 CRMP
Little Sable 98-01 Decart SP=0.33; 1.1 gl colony™ M. Milleretd
Gredian Thicket (2)
KL Dry Dedine | 70s01 | <20colonies | Very High | Snalshigh; Some sexud recruits (2001) Jegp o
Rocks but with serious snail infestation M. Miller, po
Hbow Dedire | 70s01 | ~01cd m?® Jeep (o),
Chigpporeet d.
Horseshoe | Sable 93-01 Decent Sight SP=0.14; 0.33al colony® | Spawning M. Miller (2002b)
Thicket obsarvedin
2001, not
2000
Sadidand | ? 00-02 ~0.1co m? WBD, heavy snail impact Szmant (po),
Chigoponeet d.
French Dedire | 98-01 <50 cdonies | 80% (# SP=0.38; 1.1 snail colony™ M. Miller (2002b)
colonies)
Molases Sable 81-86 Jogpetd
Dedire | 9601 CRMP
Dedire | 98-01 Sase 76% (# SP=0.33; 0.98 3l colony’™ M. Miller (2002b)
colonies colonies
Fickles Dedire | 96-01 <20 colonies | 68% (# SP=0.26; 0.83 5l colony™ M. Miller (2002b)
colonies)
Sorbrero Dedire | 96-01 Virtudly CRMP
gone
Looe Dedire | 96-01 CRMP
83-00 Boaed | Sdlspresent Somesdl M. Miller et d.
coverage recruits 2002a
Eagtern Dedire | 96-01 CRMP
Sambo
Western Dedire | 96-01 Decert po
Samho Thicket
Midde Dedine | 70s01 | 11 colonies M. Miller (po)
Samho (2001)
Rock Key Dedire | 96-01 CRMP
SadKey | Dedire | 96-01 ~0.1co m? CRMP; Chigppone
ed.
EaxgeanDR | Dedine | 70's
WestenDR | Dedine | 70's
Dry Seble 93-02 ~600m2 No snails present, high Jeap, M. Miller

68



Table 2. Site-gpecificinformation on Acropora cervicornisin south Florida. Sitesare arranged from
southwest to northeast and approximatelocation can beinterpolated fromthemapinFig. 2.
*** Observation relatesto Acropora prolifera

Ste Trend Time- Current Extent of Conditionin 2001 Reproduction | Source
frame datus decline (Predators WBD) [recruitment?
Little Africa, | Decline | 95-01 ~Absent ~100% from - Wesaver (po)
DT 95-97
*** 5t Increase | 93-02 Large No snails, some Jaap, MMiller
Channdl, DT thicket colonies|ook pale (po)
A.pradlifera
Tortugas ? 96? <1%live Aronson, Keys
Bank cover Wide Cruise
Tortugas ? 02 Scattered ? No snails, some Few sexud M. Miller (po)
Bank colonies WBD, some recruits
damsdlfish damage observed
White Scattered Jaap
Shod, DT colonies
Pulaski ? 96? <0.5% Aronson, Keys
Shod, DT cover Wide Cruise
28ft. Shod | ? 96? <0.5% Aronson, Keys
cover Wide Cruise
West Sambo | ? 96? <1% cover Aronson, Keys
Wide Cruise
Looe Key Collgpse | 83-00 98%of ared | Snailspresent Miller et d. (in
cover press)
? 96? <0.5% Aronson,
cover Keys-wide
cruise
No Name ? 96? <0.5% Aronson,
cover Keys-wide
cruise
Pickles ? 96? <0.5% Aronson,
cover Keys-wide
cruise
Molasses Collgpse | 1981-86 96% Jaap et al.
(1987)
French Collapse | 1981-86 100% Joap et al.
unpub.
Carysfort Decline | 1974-82 18% Dustan and
Haas (1987)
Broward Increese | 1996- 13% cover predators present Spawningin | Vargas-Angel
County 2002 2001 ed.
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